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Abstract
The aim of the study was to demonstrate the relationship of egg weight and egg quality traits 
with storage time and type of cages in which the laying hens were kept. The material consisted of  
960 eggs from same age Hy-Line Brown hens kept in conventional and furnished cages at the same 
time in one building. The eggs were randomly collected, sorted by weight (S, M, L and XL), and 
stored under controlled temperature and humidity conditions. All eggs were weighed on days 1 
(day of laying) and 28 of the experiment. During the same time they were candled to determine 
depth of the air cell, and 60 eggs from each subgroup were chosen to evaluate quality traits (egg 
weight and egg specific gravity), shell characteristics (shell strength, weight, thickness and den-
sity), and interior quality of eggs (albumen height and pH, yolk colour, weight and pH).  The eggs 
(especially those from the heavier weight classes, XL and L) from hens reared in furnished cages 
were characterized by significantly smaller quality changes (egg weight loss, yolk proportion, albu-
men height, Haugh units) due to storage time in relation to those from hens kept in conventional 
cages. This fact could point to their better suitability for consumption. In addition to the housing 
system, changes occurring in eggs during storage should also be considered in terms of their weight 
class. Economically important egg traits (e.g. egg weight, shell strength) were better in eggs from 
furnished compared to conventional cages.

Key words: battery cages, furnished cages, egg storage, egg quality 

Hen egg quality is affected by many factors including bird genotype and age 
(Krawczyk, 2009; Zita et al., 2009; Sarica et al., 2012), environmental conditions 
(Hester, 2005), feed additives (Safaa et al., 2008) and rearing system (Đjukić-Stojčić 
et al., 2009; Ferrante et al., 2009; Tůmová et al., 2009). Farms in which table eggs are 
produced, are usually equipped with automated, battery-operated housing systems. 
The EU Directive 1999/74, which came into effect on 1 January 2012, sets the mini-

* Work financed from research project No. ZKB/U-29.
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mum standards for the protection of laying hens and introduces new parameters of 
cages for these birds. Under the new regulations, hens should have access to perches, 
dust baths and nests, and should be provided with more space than in conventional 
cages. The need to change cage equipment caused a reduction in bird density while 
decreasing the number of eggs produced. 

A number of studies reported that furnished cages considerably improved the 
welfare of hens (Pohle and Cheng, 2009) and the hygiene of eggs (Roll et al., 2009), 
which do not differ in weight (Tactacan et al., 2009) and have better shell qua- 
lity compared to eggs from birds which were kept in conventional cages (Karkulín,  
2006 b). The range and diversity of changes that can occur in egg quality traits dur-
ing 28 days of storage (Commission Regulation (EC) No 589/2008) are influenced 
by the time and microclimatic conditions associated with the housing system of hens 
(Gavril and Usturoi, 2011; Jin et al., 2011). 

Changes due to storage occur in eggs regardless of the hen housing system. They 
are mainly reflected in a reduction of egg weight due to water loss. At the same time, 
the increase in yolk and shell percentage occurs because water loss is mostly related 
to albumen. These changes are already visible after 24 hours of egg storage (Scott 
and Silversides, 2000). During storage the values of traits such as albumen height, 
yolk height and Haugh units are observed to change, while shell thickness remains 
unchanged (Tabidi, 2011). Storage of eggs in the refrigerator can reduce the strength 
of the shell and yolk vitelline membrane (Jones, 2005).

The aim of the study was to demonstrate the differences in hen egg weight and 
quality traits as influenced by storage time and type of cages in which hens were 
kept.

Material and methods

The material consisted of eggs obtained from Hy-Line Brown hens at the 
same time of the day at 33 weeks of age. The birds were kept in the same building 
equipped with two types of cages (conventional or furnished) in compact tier batter-
ies, under microclimate conditions complying with laying hen farm standards. The 
stocking density of hens was consistent with the standards for implementation period  
(550 cm2/hen, 5–6 birds per cage). Bird density in furnished cages was about 26% 
lower than in conventional cages (750 cm2/hen, 7 birds per cage); additionally, fur-
nished cages were equipped with a nest (made of artificial grass mat), dust bath 
area (filled with grit), perches (15 cm per hen), claw-shortening devices and met the 
requirements specified in EU Directive 1999/74. All birds were fed with the same 
commercial complete diet for laying hens according to the age and laying phase of 
the hens (ME 11.6MJ, protein 17.0%, fibre 3.9%, Ca 3.8%, P 0.55%). Eggs were ran-
domly collected from the total number of eggs laid on that day by hens kept in con-
ventional and furnished cages (about 9000 eggs from each type of cage). They were 
sorted by weight (S, M, L, XL; in accordance with Commission Regulation (EC) 
No 589/2008), individually numbered, placed on cardboard trays by 30 units, and 
stored under controlled temperature (15–18ºC) and humidity (50–70%) conditions. 
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All eggs were weighed on the day of laying (day 1) and on day 28 of the experi-
ment. At the same time they were candled to determine the depth of the air cell using 
measuring gauge. Egg weight loss was expressed as percentage change in final egg 
weight in relation to initial weight. On days 1 (day of laying) and 28, 60 eggs were 
chosen from each weight subgroup for egg quality evaluation, and a total of 960 eggs 
were analysed (Table 1). The EQM system (Egg Quality Measurements by TSS) 
and Instron Mini 55 apparatus were used. The following traits were evaluated: egg 
weight, egg specific gravity (calculated on the basis of egg weight measured in air 
and in water, Archimedes’ principle), and characteristics of shell (strength, weight, 
thickness and density calculated on the basis of egg weight and shell area), albumen 
(height and pH), and yolk (colour, weight and pH). The pH values were determined 
using pH meter CP-251 (PN-ISO 2917:2001). 

Table 1. The number of eggs subjected to quality traits evaluation depending on the egg weight class, 
storage time and cage housing system

Egg weight class

TotalXL L M S

Cage type Con Fur Con Fur Con Fur Con Fur

Time 1 60 60 60 60 60 60 60 60 480

28 60 60 60 60 60 60 60 60 480

total 120 120 120 120 120 120 120 120 960

Con – conventional cages; Fur – furnished cages.

The data were analysed with the use of statistical package SPSS ver. 21.0 (IBM, 
2011). The normality of data was verified using Kolmogorov-Smirnov test. The mul-
tifactoral analysis of variance with Duncan’s post-hoc test was carried out. The sta-
tistical model incorporated all the analysed factors such as storage time (T), type of 
cage for laying hens (C) and egg weight (EW), as well as interactions between these 
factors. 

Results

Table 2 presents the changes in egg weight during the experiment. Egg weight 
was considerably affected by storage time and weight class. XL and S class eggs from 
layers kept in furnished cages were characterised by significantly smaller weight 
loss during 28 days of storage than eggs from hens kept in conventional cages. At 
the same time the highest total percentage weight loss was noticed in smallest eggs 
(S class). The depth of the air cell was significantly influenced by all the analysed 
factors, such as storage time, weight grading and cage type. At the beginning of the 
experiment the air cell was not visible, regardless of the experimental subgroup. 
After 28 days of the study deeper air cell was observed in larger compared to smaller 
eggs, and in eggs from conventional compared to furnished cages. This parameter 
was also considerably affected by all types of analysed interactions between experi-
mental factors.
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Table 3 shows the specific gravity and proportions of morphological elements in 
eggs according to storage time, cage type and egg weight. Both egg weight and egg 
specific gravity depended on all experimental factors. In all the analysed subgroups 
the value of this trait decreased significantly during 28 days of storage. At the same 
time it was noted that after the experiment higher specific gravity was characteristic 
of the eggs from hens kept in furnished compared to conventional cages, except S 
weight class, where the difference was not significant. Cage type also influenced the 
proportions of morphological elements in eggs, especially in L and M classes. Eggs 
from hens kept in furnished cages were characterised by smaller percentage of yolk 
and shell and higher percentage of albumen compared to the corresponding sub-
groups in conventional cages. According to the rule that heavier eggs contain more 
albumen than lighter eggs, the rise of egg weight was paralleled by an increase in 
albumen percentage and a decrease in yolk and shell percentage. The duration of ex-
periment was an important factor which caused differences in the proportion of yolk 
and albumen in all analysed subgroups of eggs. The content of yolk significantly 
increased and albumen decreased as time passed. However, the values of these indi-
cators were affected by the main experimental factors, not by their interactions.

Table 4 shows the egg yolk traits according to experimental factors. While stor-
age time created differences in the proportion of yolk in egg mass, it had only slight 
impact on yolk weight (M class). However, this trait was significantly affected by 
egg weight and the type of cage for laying hens, especially in L and M classes of 
eggs. Yolks in eggs from conventional cages as well as yolks in larger eggs were 
heavier. Eggs from furnished cages were characterised by less intensive yolk colour 
in L (day 1) and M class. In M class this trait changed considerably during storage. 
Yolk pH ranged from 5.39 to 6.16 at the beginning of the experiment, and changed 
significantly during storage. The values of pH increased from 2.4% to as much as 
23.6%. In the case of eggs from hens kept in furnished cages there were fairly regu-
lar changes in the level of this parameter in particular weight classes, i.e. the high-
est yolk pH increase was found in XL class, but the changes in consecutive weight 
classes were lower. In the case of pH the influence of C×EW and EW×T interactions 
was statistically significant. 

The analysed traits of egg albumen are presented in Table 5. In all subgroups al-
bumen weight loss was about 10% of its initial weight. Simultaneously, higher albu-
men weight was characteristic of the eggs in which higher initial weight was previ-
ously noticed as well as of the eggs from laying hens kept in furnished cages. Weight 
loss due to storage time was also smaller for eggs from furnished cages. Haugh units 
were affected by egg weight; they were higher for eggs from furnished compared to 
conventional cages (eggs from L and M classes) and also decreased significantly dur-
ing storage. However, it should be noted that at the end of the experiment albumen 
quality allowed the eggs to be ranked according to their weight from S (best quality) 
to XL, regardless of cage type. Similarly as in yolk, pH was also noticed to increase 
in albumen during storage. Lower values of the traits were recorded in eggs from 
hens kept in furnished cages. The albumen weight was affected only by the main fac-
tors such as type of cage and egg weight. However, Haugh units were considerably 
influenced by the interaction between these factors and the interaction between egg 
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weight and storage time. In the case of albumen pH interaction between storage time 
and type of cage was statistically significant. These parameters changed also under 
the influence of the main factors (cage type, egg weight).

Table 6 contains the results of shell quality traits evaluation for the eggs studied. 
Basically, shell weight depended on egg weight; it was lower in small eggs (except 
M class eggs) and in eggs from furnished compared to conventional cages. A similar 
influence of cage type was found for shell strength. The thickness of shell was also 
under the influence of egg weight, and in eggs from laying hens kept in furnished 
cages values of this trait increased during storage. Shell density in eggs from con-
ventional cages was similar at the beginning and at the end of the study. Also higher 
density was characteristic of lighter eggs, regardless of cage type, during the first 
analysis. At the end of the experiment the differences between egg weight classes 
were less pronounced. The interaction between the main factors was not statistically 
confirmed.

Discussion

Tabidi (2011) noticed that storage time caused significant differences in traits 
such as egg weight, albumen height and Haugh units. The shape index and shell 
thickness remained unchanged. However, weight loss just after 21 days of storage 
was higher than 5%. Additionally, they did not show a statistically significant impact 
of storage time as well as its interaction with housing system on the egg weight loss. 
In our study the weight loss even after 28 days was smaller but significant, in relation 
to the cited paper. Also it was about one-thirds smaller than the values recorded by 
Şekeroǧlu et al. (2008) during 20 days of storage despite the use of lower tempera-
ture range (8°C) by these authors. Compared to our study, also much higher weight 
loss of about 7% after 28 days of storage was found in eggs from caged hens by 
Trziszka et al. (2004). 

Considering the impact of housing system (free range, deep litter) and storage 
time on table egg quality, it was stated that only yolk colour was influenced by hen 
housing method (Şekeroğlu et al., 2008). The storage time caused changes in such 
quality parameters as egg specific gravity, pH, albumen height and index, Haugh 
units, and yolk index and colour. The interaction between those two factors was 
significant only for yolk colour. In our study the impact of storage time as well as 
cage type on all yolk and albumen traits was indicated. We also noticed significant 
interaction between these factors for traits such as egg specific gravity or shell thick-
ness. Menezes et al. (2012) suggested that bird density rather than the cage hous-
ing system is the factor influencing egg quality. They analysed Haugh units as an 
indicator of egg quality during the storage. It was stated that eggs from hens kept in 
smaller groups (625 vs. 500 cm2 per bird) were characterised by higher values of this 
parameter, especially in older birds (45–50 weeks of age). We also confirmed higher 
Haugh units for eggs from furnished cages (L and M classes), in which hens were 
stocked at lower density. 
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When evaluating the quality of eggs from conventional and furnished cages, 
Valkonen et al. (2008) noticed the differentiation caused by this factor at 36 weeks 
of age and only in the egg specific gravity and yolk weight. In another research (Jin 
et al., 2011) statistically significant shell weight loss during storage was shown, but 
a downward trend was also stated for shell percentage in egg mass. The changes ob-
served in our study were consistent in the case of shell weight, but inverse in the case 
of shell percentage in egg weight. Karkulín (2006 a), who passed over the storage 
time as the experimental factor, demonstrated that hens housed in enriched cages laid 
considerably heavier eggs compared to hens housed in conventional cages. For other 
quality parameters (Karkulín, 2006 b) no significant differences were found among 
the cage systems except shell thickness and shell strength. Guesdon and Faure (2004) 
did not notice the influence of cage type on shell strength, and the mean value of this 
parameter amounted to about 35N at 33 weeks of age. Nevertheless, in our study 
cages were one of the main factors affecting this parameter, and eggs from hens kept 
in furnished cages needed considerably greater strength to break the shell compared 
to the eggs from hens maintained in conventional cages.

Đjukić-Stojčić et al. (2012) reported higher Haugh units for eggs from hens kept 
in furnished compared to conventional or enlarged battery cages, but the difference 
was not statistically significant. A significant influence of cage type was demon-
strated for shell thickness. In our study Haugh units were significantly influenced 
by all the main experimental factors (except S class eggs) and were higher for eggs 
from hens kept in furnished compared to conventional cages. All the changes found 
in smaller eggs were small and hard to confirm statistically.

Aydin (2006) reported that pH value changed by 4.46% in albumen and by 2.45% 
in yolk after 21 days of storage at room temperature. Samli et al. (2005) observed  
a rapid fall of albumen pH just after 2 days of storage regardless of temperature. 
They suggested that this parameter could be a useful tool for estimating changes in 
egg quality. Kokoszyński et al. (2008) also showed an increase in albumen alkalin-
ity, indicating that in practice the height of albumen is the indicator of egg freshness.  
In our work, pH of both egg parts (albumen and yolk) remained significantly in-
fluenced by all the main experimental factors (cage type, storage time, egg weight) 
as well as by the C×EW and EW×T interactions in yolk and the C×T interaction in 
albumen. 

It is concluded that eggs (especially those from the heavier weight classes, XL 
and L) from hens reared in furnished cages were characterised by considerably 
smaller quality changes (weight loss, yolk proportion, albumen height, Haugh units) 
due to storage time in relation to those from hens kept in conventional cages. This 
fact could indicate that they are more suitable for consumption. In addition to the 
housing system, changes occurring in eggs during storage should also be considered 
in terms of their weight class as an important factor affecting egg quality. Economi-
cally important egg traits (e.g. egg weight, shell strength) were better in eggs from 
furnished compared to conventional cages.
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